
conservation for function. The direct 
confirmation that this class I 1  gene is 
indeed the E, gene will await gene trans- 
fer and expression studies. 

W e  have used a graphically displayed 
computer routine termed the best-fit ma- 
trix analysis (23) to analyze possible sim- 
ilarities between the DNA and protein 
sequences o f  the E, gene exons and 
between these exons and other class I 1  
genes, class I genes. immunoglobulin 
genes, and Thy- 1 antigen. Such analyses 
showed no significant similarities be- 
tween the different domains of  E, or 
between the a1 and transmembrane-cy- 
toplasmic domains of  E, and anything 
other than the same regions of  the DR, 
cDNA. However, similarity alignment 
was possible between an area o f  each of  
the tested sequences and the a2 domain 
o f  E,. Table 1 lists the sequences com- 
pared and the percent homology of  the 
aligned regions to the (r2 domain of  E, at 
both the protein and DNA levels. 

The a2 domain o f  E, has significant 
similarity to "homology unit" (9) se- 
quences o f  the genes listed, a sequence 
associated with the "antibody fold" ter- 
tiary structure o f  antibody domains (Ta- 
ble I ) .  This observation has been made 
by several other groups analyzing cDNA 
(13, 17) or genomic (22) clones. O f  the 
comparisons made, perhaps the most 
interesting is that to ~2-microglobulin. 
Not only is p2-microglobulin as similar in 
sequence to any of  the class I 1  (r2 and p2 
domains as these are to each other, but it 
is strikingly similar in genomic organiza- 
tion to the E, and DR, genes. Like these 
two genes, p2-microglobulin has its lead- 
er peptide and first two codons separated 
from the main protein coding sequence 
by a very large intervening sequence (2.8 
kb) .  O f  the non-class I 1  exons compared 
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in Table 1 ,  only those o f  pz-microglob- 
ulin align precisely end to end with those Ban of DDT and Subsequent Recovery of 
o f  E,, employing the same spl i t  codon Reproduction in Bald Eagles 
rule. The ~2-microglobulin gene also has 
the bulk o f  its 3' untranslated sequence Abstract. Reproduction of hald eagles in northwestern Ontario declinedjkvn 1.26 
isolated as a distinct exon some distance young per breeding area in 1966 to a low of 0.46 in 1974 and then increased to 1.12 in 
3 '  to the last coding sequence ( I .  1 kb for 1981. Residues of DDE in addled eggs showed a signijicant inverse relation, con- 
~z-microglobulin, 0.8 kb for DR,). $firming the effects of this to-xicant on bald eagle reproduction at the population level 

Though Table 1 suggests that the do- and the effectiveness of the ban on DDT. The recovery from DDE contamination in 
mains compared diverged from a com- hald eagles appears to he occurring much more rapidly than predicted. 
mon anecestor, the evolutionary rela- 
tionships between the entire genes is Low rates o f  reproduction in bald ea- ane (DDT). O f  the three, DDE poses the 
unclear. Non-a2-like sequences might gle (Haliaeetus leucocephalus) popula- greatest physiological threat to birds of  
have been under much different selective tions have caused concern for many prey and is the most persistent contami- 
constraints and simply have diverged years (1, 2) and led, in part, to declaring nant in the environment (4, 5) and in the 
beyond recognition. It is also conceiv- the species endangered. A variety o f  bodies o f  birds (6). DDE is so stable in 
able that the (r2-like domain has been toxicants, particularly dichlorodiphenyl- the environment that, in a controlled 1 I -  
placed in different genomic contexts dichloroethylene (DDE), have been im- year study, Beyer and Gish (4) were 
through the evolutionary process o f  exon plicated in the lowered productivity (2,  unable to calculate a half-life for the 
shuffling (24-27). The organizational 3).  DDE and dichlorodiphenyldichlo- chemical. Evidence o f  the environmental 
similarities between E, and pz-micro- roethane (DDD) are metabolites o f  the problems associated with DDT and its 
globulin suggest a more direct evolution- insecticide dichlorodiphenyltrichloroeth- metabolites led the Environmental Pro- 
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tection Agency to ban further use of 
DDT effective 31 December 1972 (7). 

Six years later, Spitzer e t  al. (8) re- 
ported increased reproduction and de- 
creased DDE contamination in ospreys 
(Pandion haliaetus) in Connecticut and 
on Long Island. Others have reported 
scattered improvements in the environ- 
ment and in bird reproduction (9). Simi- 
lar trends in productivity and DDE levels 
in addled eggs of bald eagles in north- 
western Ontario have now been identi- 
fied. These eagles nest in a region that 
has been exposed to little or no DDT, but 
the eagles migrate in the winter to  re- 
gions of the United States where they 
consume DDE-contaminated prey. Re- 
duced DDE contamination was found 
recently in carcasses and blood plasma 
of wintering eagles (10). 

The productivity of the eagle popula- 
tion in northwestern Ontario has been 
measured annually since 1966. The study 
area is a region of lakes and boreal forest 
located between 49" and 53"N and 92" 
and 95"W. Productivity is calculated on 
the basis of the number of young raised 
to the late nestling stage, the last stage at 
which they reliably can be counted, in all 
the known breeding areas. A breeding 
area may be likened to a nesting terri- 
tory, but the term has fewer behavioral 
connotations (3). An area may contain 
several alternate nests, but only one nest 
is used for raising young during any year. 
The locations and numbers of breeding 
areas are inferred from proximity of 
nests and, for uncertain cases, from se- 
quential use over a period of years. 

During the study all breeding areas 
that could be reached each year were 
counted. Loss of nests, discovery of 
nests, and logistical constraints influ- 
enced the number of breeding areas 
checked each year. Variation in the num- 
ber of areas counted is not believed to 
influence the validity of the productivity 
estimates because of the relatively large 
sample size (a minimum of 43 areas, an 
average of 106) and because compari- 
sons with productivity estimates for 
nests discovered during random quadrat 
surveys showed no significant differ- 
ences. Average annual productivity for 
1966 to 1981 is shown in Table 1. 

During the 16 years of the study I was 
able to collect a total of 19 addled eggs. 
Shell thickness was measured and the 
eggs were analyzed for several common 
chemical contaminants. Analyses were 
performed by the Wisconsin Alumni Re- 
search Foundation in 1967 and by the 
Ontario Research Foundation in the oth- 
er years (3). The results are shown in 
Table 2. 

Statistical comparisons of the produc- 

tivity and toxicant data are difficult be- 
cause of small sample size (each year 
effectively increases N by only I), con- 
siderable year-to-year variation, and the 
fact that eggs were not sampled at  ran- 
dom. Eggs were not collected randomly 
for logistical, safety, and financial rea- 
sons, as  well as to  avoid disturbing the 
birds, which might have caused them to 
abandon their nests, possibly resulting in 
chilling and lowered survival of em- 
bryos. Instead, I waited until after the 
normal incubation period and collected 
all eggs that remained. This led to unbal- 
anced sample sizes, and in 8 years no 
addled eggs were found. In addition, the 
sample consists of eggs that failed and 
hence is biased. In spite of these prob- 
lems, however, I believe that the eggs 
provide a valid glimpse of contamination 
levels in the population. 

An average level of toxicant contami- 
nation for each year in which eggs were 
obtained was calculated as  follows. First 
I calculated average values for single 
clutches with more than one egg, on the 
assumption that eggs in the same clutch 
are not independent but represent a sin- 

gle female. Then the clutches were aver- 
aged. To  conduct a regression analysis of 
productivity on toxicant levels, I used 
only the 8 years for which both repro- 
duction and toxicant data were avail- 
able. T o  adjust for different numbers of 
clutches during different years, I used 
the statistical analysis system general 
linear model procedure weighted for 
number of clutches. 

Productivity in this population of ea- 
gles declined irregularly but markedly 
from 1.26 young per breeding area in 
1966 to a low of 0.46 in 1974. Since then 
it has increased irregularly to  1.12 in 
1981, the highest since 1966. In Fig. 1 
productivity and DDE, the major toxi- 
cant believed responsible for lowered 
reproduction, are plotted together over 
the 16-year period. The increase in re- 
production following the ban of DDT is 
highly significant regardless of how the 
data are viewed. If one considers all 
16 years together, for example, the cur- 
vilinear, quadratic regression of produc- 
tivity against year is highly significant 
( P  < .01). Alternatively, if the 16 years 
are broken into two segments represent- 

- .4- - 
Fig. I. Summary of average annual z2 - - +. 

bald eagle reproduction and DDE , 1.0 - - - - - - - - - -100 6 .- 
residues in addled eggs in north- , 2 
western Ontario, 1966 to 1981. O m  
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Table 1. Summary of bald eagle reproduction in northwestern Ontario, 1966 to 1981. 

Number Number Per- Num- Number 
of of areas centage of young Number 

Year breeding with of areas of per nest of young 
areas with with per area 

checked 'Oung young young young 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

Mean 
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Table 2. Organochlorine and, mercury residues and eggshell characteristics of addled bald eagle eggs collected in northwestern Ontario, 1966 to 
1981. 

Nest Eggshell RatcliEe Fat Water -- Residues (ppm, dry weight) Year num- thickness 
(mm) 

index" 
ber (%) DDT DDE DDD Dieldrin PCB's+ H& 

1967 48 NMS 2.86 3.99 77.9 MIIS 44 MI 3.03 NM NM 
1967 71 NM 3.07 8.56 70.3 MI 95 MI 1.21 NM NM 
1968 16 .NM 2.71 15.3 71.0 2.62 121 5.17 5.83 NM NM 
1971 48 0.55 2.26 2.4 82.9 0.35 125 13.20 7.37 977 3.51 
1971 54 0.48 2.44 2.7 73.8 0.23 95 9.66 5.27 148 2.79 
1972 188 0.56 NM 21.8 13.6 NDII 87 1.86 8.21 176 1.18 
1976 325 0.52 NM 5.6 79.0 0.05 13.3 0.76 5.29 64.8 1 .OO 
1976 325 0.53 NM 5.8 78.6 0.05 16.4 0.93 5.42 77.1 0.84 
1976 339 0.57 NM 8.8 75.8 0.12 50.4 3.18 12.40 218.2 2.52 
1976 297 0.56 NM 6.8 78.6 N D 59.8 1.54 1.31 126.2 1.40 
1976 297 0.48 NM 5.8 79.6 N D 56.4 1.91 1.42 121.6 1.57 
1977 116 0.55 2.73 2.7 81.9 0.11 0.6 0.61 1.77 91.2 0.44 
1977 116 0.53 2.69 5.9 80.6 0.36 23.8 0.82 4.18 186.1 0.41 
1980 453 0.58 2.99 4.8 81.1 N D 16.6 1.59 4.02 88.9 1.32 
1980 459 0.60 3.20 4.9 77.4 0.09 14.5 0.75 2.70 66.8 4.16 
1980 459 0.66 3.16 5.0 78.0 0.09 24.0 1.14 4.09 130.0 3.91 
1981 453 0.60 2.97 5.2 81.5 ND 7.8 0.65 1.84 47.5 NM' 
1981 375 0.55 2.63 8.1 79.3 N D 48.2 1.30 1.40 146.4 NM 
1981 375 0.60 2.72 8.1 75.1 ND 53.4 1.16 1.41 157.4 

-- -- 
NM 

*(MIL x W10. where M = mass in grams, L = length in centimeters, and W = width in centimeters. :Aroclor 1260 was used as the reference standard from 1971 
to 1977; Aroclor 125411260, believed to be more accurate, was used in the other years. fNM, not measured, $MI, measurement inaccurate (interference of 
PCB's not recognized at the time the measurement was made). N o n e  detected (<  0.001 ppm). 'IMercury was not measured in I981 becaues the need for this 
information did not justify the cost of analysis. 

ing periods before and after the ban (I!), 
linear regression can be performed for 
the two time periods. The slopes of the 
two lines are -0.07 and 0.07 young per 
breeding area per year, respectively. The 
difference between these slopes is highly 
significant [t (12) = 3.87, P < .Oil. 

For the 8 years for which both repro- 
duction and toxicant data are available, 
the weighted regression of productivity 
on DDE is significant ( P  < .05). Levels 
of DDE in eggs before and after the DDT 
ban are significantly different ( P  < .05, 
two-sample rank-sum test). 

Other contaminants d o  not show the 
same marked relation with productivity. 
Levels of polychlorinated biphenyls 
(PCB's) remain relatively high and pose 
a continuing threat to the eagle popula- 
tion. Levels of dieldrin have not been as 
high as  those of DDE and PCB's, but 
they are high for dieldrin (12). (Dieldrin 
was banned from further use in 1974.) 
PCB's and dieldrin may have contribut- 
ed to or caused the failures of these 
addled eggs and may have helped sup- 
press overall productivity. Other organo- 
chlorines appear to be present only at 
low levels. Mercury levels were low 
throughout the study period and not be- 
lieved to affect the eagles in this region 
(13). Eggshell thickness, measured di- 
rectly or with the Ratcliffe index (Table 
2), generally show the expected relation 
with high levels of DDE, although Sam- 
ple sizes and variability prevent statisti- 
cal significance ( P  > .05, Spearman's 
rank correlation). 

These results confirm the suspected 
negative relation between DDE and bald 

eagle reproduction at the population lev- 
el. Although DDE is persistent and may 
be present in the environment for many 
years, the effect on bald eagles appears 
to be diminishing much faster than pre- 
dicted. It appears that the ban on DDT 
use was appropriate and effective. 

The rapid recovery of eagle reproduc- 
tion since the ban of DDT is puzzling. 
DDE contamination in the environment 
and organisms at the site of original 
application is known to remain for a long 
time (4, 5). Apparently the toxicant is 
diffusing out of aquatic food webs, set- 
tling into the sediment, or otherwise not 
continuing to circulate in the bald eagle's 
food web (9). 

Even if DDE were to  disappear from 
the prey of these eagles, it would be 
expected to remain in the breeding birds 
themselves. Shell thinning and reproduc- 
tive impairment caused by DDE persist 
in black ducks (Anas rubripes) long after 
the individuals resume an uncontaminat- 
ed diet (6). DDE, which is fat-soluble, is 
thought to  be eliminated from female 
birds only through fat deposited in eggs. 
Once they acquire DDE residues, eagles, 
which lay many fewer eggs than ducks, 
would be expected to remain contam- 
inated for long periods, if not for life. If 
individuals remain contaminated but the 
population is showing recovery, there 
may be a higher turnover among breed- 
ing birds than is realized. That is, young, 
relatively uncontaminated females may 
be replacing older, contaminated birds. 

Regardless of the mechanism of recov- 
ery, the magnitude of the observed fluc- 
tuation in the productivity of these ea- 

gles is striking. There are no data on 
long-term natural variations in the repro- 
ductive rates of bald eagles under pris- 
tine conditions. I would not expect, how- 
ever, to see a natural fluctuation in this 
population on the order that appears to 
have been caused by the introduction 
and subsequent withdrawal of DDT. 

While the recovery of reproduction in 
this population is encouraging, it is im- 
portant to recognize that reproduction is 
only one dimension of eagle population 
dynamics. Survival rates and habitat are 
also important. Changes in survival 
rates, in fact, may be even more impor- 
tant than comparable changes in repro- 
ductive rates (14). If a high turnover 
among breeding birds is responsible for 
flushing DDE contamination out of the 
population, it also may signal lower sur- 
vival rates than expected. We have virtu- 
ally no good data on survival rates in this 
species and need to develop techniques 
to measure survival. 

JAMES W. GRIER 
Department of Zoology, North Dakota 
State University, Fargo 58105 
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12. D. J. Jeffries and B. N. K. Davis, ,J. Wildl. Erdman, the late B. Elliot, J. Davis, A. Nelken- 
Manage. 32. 341 (1968); J .  D. Lock~e, D'. A. brecher, M. Nelkenbrecher. B. Webb, the D. channels referred to  a common vertex 
Ratcliffe. R. Balharry, J. Appl. Ecol. 6, 381 Thorburne family, R. Motlong. A. Motlong, D. (CZ) (16) and stored on separate channels 
(1969); I. Newton, Bird Stlrdy 20, I (1973): J. Crawford, Y. Crawford, G. Nagorski. G. Ban- 
Appl. Ecol. 11, 95 (1974); and J .  Bogan, natyne, C. Bannatyne, J. M. Gerrard. K. Davi- of FM tape. Both frontal and parietal 
Nature (London) 249, 582 (1974); E. F. Hill, R. son, R. D. James. A. J. Baker, D. W. Anderson. 
G. Heath, J. W. Spann. J. D. Williams, U.S.  and J .  J. Hickey. Several of the above plus the regions were recorded because we 
Fish Wildl. Serv. Spec. Sci. Rep. Wildl. No. 191 following provided useful advice: J. T. Emlen, wished to compare asymmetries in two 
(1975); E. L. Busbee. Auk 94. 28 (1977): T. J .  H.  C. Mueller, D. Berger, F. Hamerstrom, F. 
Fergin and E. C. Schafer, Arch. En1,iron. Con- Hamerstrom, P. R. Spitzer, S .  Postupalsky, D. major association regions 17). 
tam. Toxicol. 6, 213 (1977); E. L. Flickinger. J. Peakall, T. J. Cade, R. W.  Risebrough, W. The positive and negative affective 
Wildl. Manage. 43, 94 (1979); J .  L. Schnoor, Walker 11. S .  N. Wiemeyer, J. D. Brammer, and 
Science 211, 840 (1981). R. Puyear. D. H. Johnson provided statistical stimuli consisted of a videotape of an 

13. One small, isolated portion of my study area, advice. actress generating either a happy or  sad 
Wabigoon River and the lower parts of the 12 May 1982; revised 6 July 1982 facial expression (18). Half the infants 

viewed the happy face first and half the 
sad face. The audio portion was edited 
out for both segments. 

Asymmetrical Brain Activity Discriminates Between 
Positive and Negative Affective Stimuli in Human Infants 

Abstract. Ten-month-old infants viewed videotape segments of an actress sponta- 
neously generating a happy or sad facial expression. Brain activity was recorded 
from the left and right frontal and parietal scalp regions. In two studies, infknts 
showed greater activation of the left frontal than of the right frontal area in response 
to  the happy segments. Parietal asymmetry failed to  discriminate h e t ~ t ~ e e n  the. 
conditions. Diflerential lateralization of the hemispheres for afect ive  processes 
seems t o  be established by 10 months of age. 

Data derived from both clinical and 
normal adult samples suggest that cer- 
tain regions of the two cerebral hemi- 
spheres are differentially lateralized for 
the processing of positive and negative 
emotional stimuli (1-7). This claim is 
based on (i) neuropsychological findings 
with brain-damaged patients (1, 2); (ii) 
administration of sodium amytal to pa- 
tients before neurosurgery (3); (iii) the 
study of lateralized signs and the admin- 
istration of electroconvulsive therapy to 
patients with affective disorders (4); (iv) 
studies on normal adults using behavior- 
al indices of asymmetric hemispheric 
processing (5); and (v) electrophysiologi- 
cal studies on normal adults in response 
to emotional stimuli (6). Our view under- 
scores the importance of rostral-caudal 
differences in hemispheric specialization 
for affect (8, 9). W e  hold that certain 
regions of the left hemisphere are spe- 
cialized for the processing of particular 
positive affective stimuli while corre- 
sponding regions of the right are special- 
ized for the processing of particular neg- 

ative affective stimuli (8, 9). Recent elec- 
trophysiological evidence suggests that 
the locus of this asymmetry is the frontal 
lobes (6, 10). 

Although few data are  available on the 
neural substrates of affective develop- 
ment during the first year of life, evi- 
dence exists on the development of emo- 
tional expression during this period (11- 
13). By 7 to 9 months of age, the infant 
exhibits a range of both positive and 
negative affects in response to a variety 
of specific eliciting situations (11). By 7 
months of age infants can discriminate 
among a wide range of facial affects (12, 
13). 

To  explore the relation between the 
ontogeny of affective response systems 
and cerebral asymmetry, we studied 
electroencephalographic (EEG) as  ym- 
metry in 10-month-old infants in re- 
sponse to positive and negative affective 
stimuli. By 10 months, infants are capa- 
ble of both discriminating and expressing 
positive and negative affect and there- 
fore should exhibit the frontal asymme- 

Artifact-free epochs  of EEG were fil- 
tered (with cut-offs of 48 dB per octave) 
for activity within the band between 1 
and 12 Hz,  integrated, and digitized (19). 
Raw data (in microvolt-seconds) and 
laterality ratio scores [(R - L)I(R + L), 
EEG activity (1 to  12 Hz)] were the two 
dependent measures (20). 

We first compared happy with sad 
epochs on the frontal laterality ratio 
score [(F4 - F3)/(F4 + F3)]. Happy ep- 
ochs elicited greater relative left frontal 
activation than sad epochs [F(1, 
9) = 5.88, P = .039] (Table 1). Seven 
subjects showed higher frontal ratio 
scores during happy versus sad epochs 
and two showed equal ratio scores. The 
parietal ratio score failed to discriminate 
between epochs [F(1, 7 )  = 2.521. 

In order to disentangle the separate 
contributions of the left and right hemi- 
spheres to  the frontal asymmetry be- 
tween the conditions, an analysis of vari- 
ance was computed on the raw E E G  
data. A significant condition by hemi- 
sphere interaction was obtained [F(1, 
9) = 6.20, P = .035] (Table 2). Happy 
epochs elicited less activity (1 to 12 Hz) 
in the left than the right frontal region 
( P  < .05, Scheffe test). N o  difference 
between the hemispheres in the frontal 
region was obtained in response to the 
sad stimuli. 

We performed a second study using 
the identical stimuli and EEG recording 
and analysis procedure in order (i) to 
replicate study 1 and (ii) to  restrict EEG 
data analysis to those epochs during 
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